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Background: Conservative management of acute type B aortic dissection (ABAD) is often associated with aortic dilatation
during follow-up increasing the risk of aortic rupture. The goal of this study was to investigate whether morphologic
characteristics of the dissection can predict aortic growth.
Methods: All conservatively managed ABAD patients from four referral centers were included (2000 to 2010). Aortic
diameters were measured at ﬁve levels at baseline and at the last follow-up computed tomography angiography, and
annual aortic growth rates were calculated for all segments. Linear regression was used to study the inﬂuence of aortic
morphologic characteristics for aortic dilatation.
Results: Included were 62 patients (41 men) with a mean age of 60.3 6 10.7 years. Among the 310 analyzed aortic
segments, 248 (80.0%) were dissected, of which 211 (85.1%) showed aortic growth. Overall, the mean diameter increased
from 36.1 6 9.4 to 40.2 6 11.1 mm (P < .01), which corresponds with a mean aortic growth rate of 3.1 6 6.3 mm/y.
Multivariate linear regression analysis showed that male sex (95% conﬁdence interval [CI], 0.60-4.04; P [ .005) and
a saccular false lumen (95% CI, 2.07-7.81: P [ .001) were associated with a signiﬁcantly increased aortic growth rate.
Increasing age (95% CI, L0.23 to L0.04; P [ .005), increased number of entry tears (95% CI, L2.40 to L0.43; P [
.005), false lumen located on the aortic outer curvature (95% CI, L4.30 to L0.38; P [ .019), and a circular conﬁgu-
ration of the true lumen (95% CI, L5.35 to L0.32; P [ .027) were associated with a decreased aortic growth rate.
Conclusions: Multiple morphologic characteristics appear to predict aortic dilatation in ABAD patients treated medically.
Early assessment of these morphologic signs may be useful in the selection of ABAD patients who might beneﬁt from
closer radiologic surveillance or prophylactic intervention. (J Vasc Surg 2013;58:1220-5.)Patients presenting with acute type B aortic dissection may develop during follow-up.5-7 Open surgical repair is
(ABAD) without malperfusion, periaortic hematoma, or
refractory pain and hypertension are considered uncompli-
cated and are typically treated conservatively. Medical
management is associated with excellent results, with an
in-hospital survival rate of 90% to 98%.1,2 However, the
long-term prognosis of these patients is far less favorable,
with signiﬁcant dilatation of the aorta in 25% within 4
years, and mortality rates ranging from 18% to 52% after
5 years.1-4
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0associated with considerable morbidity and mortality, and
the beneﬁts of endovascular treatment in the chronic phase
are unknown.2,5-7 To improve the long-term outcome,
a more patient-speciﬁc approach designed to intervene in
only those patients who are at risk of developing complica-
tions is warranted. Early intervention during the course of
the disease, preferably in the subacute or early chronic
phase, may yield the best long-term results in this patient
category. Therefore, early and reliable predictors are
needed to differentiate between patients who can be
treated lifelong medically and those who will beneﬁt in
the long term from prophylactic intervention. Patient char-
acteristics, biomarkers, and clinical symptoms have been
investigated to distinguish these different subsets of
patients.8-10 The goal of this study was to investigate
whether morphologic characteristics of the dissection can
predict aortic dilatation during follow-up.
METHODS
Patients. We retrospectively analyzed all computed
tomography angiography (CTA) data of ABAD patients
admitted at four referral centers between 2000 and 2010.
The following institutions participated: Yale New Haven
Hospital (New Haven, Conn), Policlinico San Donato Isti-
tuto di Ricovero e Cura a Carattere Scientiﬁco (San
Donato Milanese, Italy), Erasmus University Medical
Centre (Rotterdam, The Netherlands), and the University
Medical Centre Utrecht (Utrecht, The Netherlands). The
Fig 1. Computed tomography (CT) images show (A) a patent false lumen (FL), (B) a partial thrombosed FL, and (C)
a thrombosed FL.
Fig 2. Saccular formation of the false lumen (FL): the yellow arrow
indicates a proximal entry tear to the FL, and the red arrow
indicates partial lumen thrombosis in the distal part of the FL,
forming a blind pouch.
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obtained #7 days of the initial diagnosis (baseline CTA),
and at least 3 months of follow-up without any interven-
tion. If more than one follow-up CTA was available, the
most recent CTA obtained was selected for analysis. All
patients were treated with antihypertensive agents in
accordance with current guidelines. Patients with intra-
mural hematoma or Marfan disease were excluded.
Imaging. All CTA images were acquired on multislice
CT scanners with 16- or 64-detector conﬁguration. Non-
contrast images were obtained ﬁrst, followed by acquisi-
tion of 2.5-mm axial images from the top of the aortic
arch to the bifurcation of the abdominal aorta after intra-
venous injection of contrast material. The acquired CTA
data sets were transferred to a 3Mensio Vascular 4.2
workstation (3Mensio Medical Imaging B.V., Bilthoven,
The Netherlands) for analysis.
Analysis. A center vessel reconstruction was obtained
in all CTAs, and diameters of the affected aortas were
measured perpendicular to a center vessel lumen line at
the following levels: 2 cm distal from the origin of the
left subclavian artery (LSA), 10 cm distal from the LSA,
20 cm distal from the LSA, 8 cm distal from the most distal
renal artery, and at the maximum diameter of the descend-
ing aorta. In the same plane, the diameters of the true
lumen (TL) and false lumen (FL) were measured. The
annual growth rate was calculated for all dissected levels
by dividing the difference between the diameter on the
baseline scan and the diameter on the last available CTA
scan by the time interval between the two CTAs. Two
experienced physicians (J.T., J.K.) performed the aortic
diameter measurement to objectify interobserver vari-
ability, which was 0.3 mm/y. All morphologic parameters
were assessed based on consensus between both physicians.
The baseline CTA scan was used to assess multiple
morphologic characteristics of the dissection. The FL was
classiﬁed as patent or as partially or completely throm-
bosed. A partially thrombosed FL was deﬁned as the pres-
ence of thrombus at any level in the FL (Fig 1, A-C).
Saccular formation of the FL was deﬁned as partial lumenthrombosis in which the thrombus was situated distally,
forming a blind pouch (Fig 2). The conﬁguration of the
dissection was classiﬁed as straight or spiral. A spiral dissec-
tion was deﬁned as a dissection in which the middle of the
FL changed its position at least 90 compared with the TL,
at any level between the LSA and the aortic bifurcation.
Fig 3. Computed tomography (CT) images show the conﬁguration of true lumen (TL) and false lumen (FL). A,
a circular-shaped TL is shown. B, An elliptic shape results when the FL compresses the TL.
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tions were used to investigate whether side branches of
the aorta were involved on the baseline CTA scan. An
intimal tear was deﬁned as a clear ﬂow of contrast between
the TL and FL on at least two different views (transversal,
coronal, sagittal, or center vessel reconstruction). Conﬁgu-
ration of the TL and FL was classiﬁed as circular or elliptic
(Fig 3). The location of the FL was classiﬁed as being on
the inner or outer curvature of the aortic arch. The pres-
ence of atherosclerosis in the aorta was classiﬁed present
or absent. The diameter of the FL and TL at the different
levels was measured and divided to calculate the TL-to-FL
ratio.
Statistics. Data are shown as mean 6 standard devia-
tion or median and interquartile range. Statistical analysis
was performed with the c2 test for categoric variables and
the t-test for continuous variables. A P value <.05 was
considered signiﬁcant. Predictors of aortic growth rate of
the aortic segments were explored using univariate linear
regression analysis. Variables with a P value <.2 in univar-
iate analysis were integrated in a multivariable regression
model to investigate independent predictors of aortic
growth. Statistical analysis was performed using SPSS
15.0 software (SPSS Inc, Chicago, Ill).
RESULTS
Patient characteristics. The study population con-
sisted of 62 patients (66.1% men) with a mean age
60.3 6 10.7 years (Table I). The median follow-up was
22.3 6 28.2 months (range, 3-132 months). Of the 310
aortic segments analyzed, 248 (80.0%) were dissected.
During follow-up, 211 segments (85.1%) showed aortic
growth, whereas the aortic diameter remained stable or was
even reduced in 37 (14.9%). Women had a smaller baseline
aortic diameter than men (31.8 vs 35.6 mm). Partial lumen
thrombosis was observed in 31 patients, of which six
(19.4%) had a saccular formation of the FL thrombosis.
Overall, the mean diameter increased from 36.1 6 9.4
to 40.26 11.1 mm (P < .01). Mean adjusted annual aortic
growth rate was 3.15 6 6.36 mm/y, with a wide rangeamong individuals (range, 12.2 to 40.3 mm/y). Fig 4
shows the initial diameter, ﬁnal diameter, and yearly
growth rate at the different aortic levels.
Aortic growth rate. Univariate analysis showed that
patients aged <60 years had a signiﬁcantly higher growth
rate (4.2 6 7.51 mm) than patients aged >60 years
(1.8 6 4.07 mm; P ¼ .003). Male gender and partial
lumen thrombosis were also associated with increased
aortic dilatation. The mean growth rate of patients with
a saccular formation of the partially thrombosed FL was
7.8 6 13.6 mm/y, which was signiﬁcantly larger compared
with patients with nonsaccular partial lumen thrombosis
(3.0 6 5.0 mm/y; P ¼ .007). Univariate regression anal-
ysis showed that an increase of the TL/FL ratio, total
thrombosis of the FL, and circular conﬁguration of the
TL were associated with signiﬁcant decrease in aortic
expansion rate (Table II).
Multivariate linear regression analysis showed that male
gender (repeatability coefﬁcient [RC], 2.32; 95% conﬁ-
dence interval [CI], 0.60-4.04; P ¼ .005) and a saccular
formation of the FL (RC, 4.94; 95% CI, 2.07-7.81; P ¼
.001) were associated with a signiﬁcantly increased aortic
growth rate. Increasing age (RC, 0.13; 95% CI, 0.23
to 0.04; P ¼ .005), increased number of intimal
tears (95% CI, 2.40 to 0.43; P ¼ .005), FL located
on the outer aortic curvature (95% CI, 4.30 to 0.38;
P ¼ .019), and a circular conﬁguration of the TL
(RC, 2.83; 95%, CI 5.35 to 0.32; P ¼ .027) were
associated with decreased growth rate (Table III).
DISCUSSION
The optimal treatment strategy of ABAD is continu-
ously evolving. Current guidelines recommend conserva-
tive medical treatment in uncomplicated ABAD, which is
associated with low in-hospital mortality. Long-term
mortality in chronic ABAD patients ranges between
25% and 35% at 4 years, and most complications are
aortic-related such as aneurysm formation, dissection
extension, and aortic rupture.1-4 A recent multicenter
randomized controlled trial showed that additional
Table I. Baseline characteristics or the annual growth
rate in 248 aortic dissected segments
Variable No.
Growth rate, mm/y
Mean 6 SD
Sex
Male 164 3.7 6 6.8
Female 84 2.0 6 5.1
Age, years
>60 108 1.8 6 4.1
#60 140 4.2 6 7.5
Initial aortic diameter, mm
>40 66 3.1 6 4.1
#40 182 3.1 6 7.0
Conﬁguration
Spiral 116 3.0 6 4.4
Straight 132 3.3 6 7.7
FL locationa
Outer aortic curvature 187 2.9 6 5.1
Inner aortic curvature 53 4.6 6 9.6
Atherosclerosis
Present 162 2.7 6 6.6
Absent 86 4.0 6 5.7
Entry tears
Visible 229 3.4 6 6.4
Not visible 19 0.5 6 5.7
Patent lumen 124 2.5 6 4.5
Lumen thrombosis
Partial 119 3.9 6 7.6
Complete 5 2.4 6 6.1
Side branches
Involved 152 3.3 6 6.7
Not involved 96 3.0 6 5.7
TL shape
Elliptic 203 3.6 6 6.5
Circular 45 1.2 6 5.3
FL saccular formation
Present 23 7.8 6 13.6
Absent 225 2.7 6 4.9
FL, False lumen; SD, standard deviation; TL, true lumen.
aIn ﬁve patients, the dissection originated in the descending aorta, not
involving the inner nor outer curvature.
Fig 4. Aortic growth rates at different evaluated levels. Only the
dissected aortic segments were analyzed, excluding those not
dissected.
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not improve the 2-year outcome.7 Although long-term
follow-up and future studies should be awaited, the INves-
tigation of STEnt Grafts in Aortic Dissection (INSTEAD)
trial underlines the importance of a complication-speciﬁc
approach in ABAD patients.7,11 Among patients who are
at increased risk for developing complications, early
prophylactic intervention might improve the overall long-
term outcome. Because complications are frequently asso-
ciated with aortic enlargement, we sought to investigate
reliable predictors of aortic growth related to the morpho-
logic characteristics in ABAD patients.12-15
Our analysis showed that the annual aortic growth rate
decreases with increasing age, in concordance with the
study of Sueyoshi et al.13 A possible explanation for this
observation is that the structure of the aortic wall degener-
ates over time and becomes less elastic due to the increased
occurrence of atherosclerosis.16,17 However, although
patients with Marfan syndrome were excluded, anincreased annual aortic growth rate might occur in younger
patients with unidentiﬁed connective tissue disorders or
familial thoracic aortic disease. Men had a signiﬁcantly
higher aortic growth rate than women (P ¼ .002). Women
are typically smaller than men, and the baseline aortic
measurements in women were smaller (31.8 mm; growth,
2.0 6 5.1 mm) compared with men (36.6 mm; growth,
3.7 6 6.8 mm) in our analysis, which possibly resulted in
lower aortic growth rates.
The FL status is a highly debated predictor for aortic
growth and aortic-related death.15,18-20 Since the report
of Tsai et al,15 which showed an increased mortality during
follow-up among patients with partial FL thrombosis, more
recent studies have focused on the effects of partial FL
thrombosis.14 A complicating factor is that the FL status
depends strongly on the quality of the CT imaging as
well as on the timing of the contrast injection and may
differ in a single patient between aortic segments. Sueyoshi
et al14 showed that growth rate was not increased for
patients with partial FL thrombosis overall. However,
they observed that saccular formation of the partially
thrombosed FL was a signiﬁcant predictor of aortic growth
compared with nonsaccular partial FL thrombosis.
The highest growth rate in our study was observed in
patients with partial FL thrombosis (3.9 6 7.6 mm,
Table I), which can mainly be addressed to the six patients
with a saccular FL formation. Pressurization of the FL may
result in a higher aortic growth rate in these patients and in
increased risk for aortic rupture. Therefore, a strict surveil-
lance may be indicated in ABAD patients with a saccular
conﬁguration, and these patients might beneﬁt from early
intervention.
Table II. Predictors of aortic growth in univariate linear regression analysis
Variable Adj. estimated difference, mm/y 95% CI P
Age 0.09 0.16 to 0.01 .029
Male gender 1.69 0.02 to 3.35 .048
Spiral vs straight 0.24 1.83 to 1.36 .769
FL located on outer aortic curvature (vs inner) 1.81 3.91 to .20 .077
Atherosclerosis 1.34 3.00 to .32 .114
No. of entry tears 0.66 1.45 to .14 .103
Any thrombus at baseline 1.10 0.49 to 2.69 .173
FL thrombosis at baseline
Partial 1.55 0.03 to 3.13 .055
Total 5.67 11.28 to 0.05 .048
Side branches involved 0.31 1.32 to 1.94 .708
No. of side branches involved 0.08 0.52 to 0.68 .799
Diameter ascending 0.06 0.10 to 0.23 .460
Diameter arch 0.02 0.20 to 0.23 .887
Initial aorta >4 cm 0.03 1.83 to 1.77 .979
Saccular formation of FL 5.13 2.46 to 7.79 <.001
Circular-shaped TL (vs elliptic) 2.39 4.43 to 0.34 .022
TL/FL ratio 0.65 1.36 to 0.07 .076
CI, Conﬁdence interval; FL, false lumen; TL, true lumen.
Table III. Predictors of aortic growth in multivariate linear regression analysis
Variable Adj. estimated difference, mm/y 95% CI P
Age 0.13 0.23 to 0.04 .005
Male gender 2.32 0.60 to 4.04 .008
FL located on outer aortic curvature (vs inner) 2.34 4.30 to 0.38 .019
Atherosclerosis 1.33 3.15 to 0.49 .150
No. of entry tears 1.42 2.40 to 0.43 .005
FL thrombosis at baseline
Partial 0.07 1.94 to 2.08 .944
Complete 2.20 12.36 to 7.95 .670
Saccular formation of FL 4.94 2.07 to 7.81 .001
Circular-shaped TL (vs elliptic) 2.83 5.35 to 0.321 .027
TL/FL ratio .424 0.64 to 1.44 .431
CI, Conﬁdence interval; FL, false lumen; TL, true lumen.
JOURNAL OF VASCULAR SURGERY
1224 Tolenaar et al November 2013Our analysis showed that the number of intimal tears
played an important role in the aortic growth during
follow-up. We found the aortic growth rate was higher if
a single intimal tear was detected on the initial CTA scan.
The presence of a single intimal tear may facilitate pressur-
ization of the FL and result in an increased aortic growth,
whereas a more adequate outﬂow may be present in
patients with multiple intimal tears. Nevertheless, detection
of intimal tears is highly dependent on quality of the image
and the observer’s experience.
An elliptic conﬁguration of the TL was also associated
with an increased aortic growth. Such conﬁguration of the
TL might result from higher pressurization of the FL,
thereby compromising the TL diameter and subjecting
the FL to greater radial forces. A previous report showed
that a large initial FL diameter was associated with an
increased aortic growth; however, our analysis did not
conﬁrm this.8,21 Frequently, these patients may evolve
with high compression of the TL, which can be associated
with malperfusion.21
A recent study reported that patients with an FL
located in the inner curvature might be more prone todevelop complications.22 Similarly, in our study, an FL
located in the inner curvature was associated with increased
aortic growth. At this moment, we do not have a proper
explanation for this observation.
Finally, the mean aortic growth rate was smaller in the
infrarenal aorta than in the thoracic aorta. This ﬁnding may
be explained by lower hemodynamic forces, as previous
studies have shown that the pulsatility in the abdominal
aorta is lower compared with the thoracic aorta.23,24 In
addition, the wall biology of the thoracic and abdominal
aorta differs signiﬁcantly, which might have inﬂuenced
growth rates as well.
This study evaluated multiple morphologic predictors
for aortic dilatation in ABAD, but the results must be inter-
preted within the study’s limitations. The annual aortic
growth rate was measured with the use of diameters, sug-
gesting that aortic growth is a symmetric and linear process
over time. Although similar methods have been used in
previous studies, this analysis might underestimate or over-
estimate the reality. In addition, CT scans were not gated
to an electrocardiogram, which may have affected the
appearance of the septum. Another important limitation
JOURNAL OF VASCULAR SURGERY
Volume 58, Number 5 Tolenaar et al 1225is the absence of clinical information of the study popula-
tion, which was not available for all patients due to the
retrospective, multicenter design of the study. Although
these patients were all treated medically and patients with
known connective tissue disorders were excluded, comor-
bidities and use of medications may have affected the aortic
growth rate.
CONCLUSIONS
Multiple morphologic characteristics appear to predict
aortic dilatation in ABAD patients treated medically. A
saccular formation of the FL, the number of intimal tears,
the location of the intimal tear, and conﬁguration of the TL
may inﬂuence aortic growth rate during follow-up. Early
assessment of these morphologic signs may be useful in
the selection of ABAD patients who might beneﬁt from
closer radiologic surveillance or prophylactic intervention.
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